This study was performed to investigate the effects of probiotic and prebiotic (mannanoligosaccharide) supplementation on performance, egg quality and hatchability in quail breeders. Four hundred and eighty, 18 wk old Japanese quail (Coturnix coturnix japonica) were evenly distributed to 5 groups with four replicates containing 24 (18 female, 6 male) quail in each. Quail were fed either basal diet (control group) or 0.5 and 1 kg/ton probiotic and prebiotic supplemented basal diets (treatment groups) for 12 weeks. The live weight of animals, egg production, feed consumption and egg weight were recorded, and feed efficiency was calculated. Egg quality, fertility and hatchability were also determined. Supplementation of 0.5 and 1 kg/ton prebiotic to diet increased the live weight (p≤0.001) and egg production (p≤0.01), respectively while 0.5 kg/ton probiotic increased egg production (p≤0.01). Egg shell thickness was improved by both supplements (p≤0.05). Neither probiotic nor prebiotic supplementation to the diets had significant effects on feed consumption, feed efficiency and egg weight, egg specific gravity, albumen index, yolk index, and Haugh unit. Probiotic and prebiotic supplementation slightly but not significantly increased percentage of fertile egg and hatchability. In conclusion, supplementation of probiotic and prebiotic (MOS) to the diet of quail breeders positively affected egg production and egg shell thickness.
Introduction
In recent years, use of probiotics, prebiotics and symbiotics that enrich certain bacterial population in the digestive system are considered as alternatives to antibiotic growth promotants in poultry nutrition (24, 32) .
Probiotics, microbial cell preparations, that are mono or mixed cultures of live, protective microorganisms beneficially affect the host animal by competing with other microorganisms for adhesive site. They stimulate appetite, improve host's intestinal microbial balance and intestinal environment for processes of the digestion and absorption of nutrients. They also inhibit certain pathogens that produce toxic compounds (19, 24) .
Prebiotics, non-digestible feed ingredients, have selective effects on the intestinal microflora. They are consisting of nondigestible oligosaccharides which include fructooligosaccharide, galactooligosaccharide, transgalactooligosaccharide and mannanoligosaccharide (MOS) (10, 11, 24, 32) . The MOS, derived from the cell wall of Saccharomyces cerevisiae, is neither hydrolysed by endogenous digestive enzymes nor absorbed by host, and it is considered as an prebiotic agent. It has been claimed that the benefits of MOS based on its specific properties such as modification of the intestinal flora, reduction in turnover rate of the intestinal mucosa and modulation of the immune system. These properties have the potential to enhance growth rate, feed efficiency and liveability in commercial broiler and turkeys, and egg production in layers (31) .
In recent years, breeding of quail has taken an important place in alternative poultry production. Many factors such as hatchability and fertility rate, male/female ratio, genetics, age, egg quality, nutritional status and live weight of breeders affect quail's performance (30) . To the author's knowledge, there have been limited studies investigating the effects of probiotics and prebiotics on performance of broiler breeders (32) but there is no study in quail breeders. Moreover, controversial results have been reported regarding the use of biological additives to poultry diets (7, 13, 23, 26) . Therefore, this study was performed to investigate the effects of probiotic and prebiotic supplementation on feed consumption, feed efficiency, egg production, exterior and interior egg quality and hatchability of quail breeders.
Materials and Methods
Animals, diets and management: Four hundred and eighty 18 wk-old Japanese quail (Coturnix coturnix japonica) were weighed to equal live weight in all groups at the beginning of the study. They evenly distributed to 5 groups with four replicates containing 24 (18 female, 6 male) quail in each following one week of adaptation period. Quails were fed either basal diet ( Performance and egg quality measurements: The live weight of animals was recorded at the beginning and at the end of the study. Egg production was recorded daily, the feed consumption and egg weight were recorded at two weekly intervals. Feed efficiency was calculated by determining of the amount of feed consumed for one kg of egg.
Twenty eggs from each group were collected to determine the interior and exterior egg quality at monthly intervals. Specific gravity of a whole egg (g/cm 3 ) was measured by Archimedes's method at the same day of egg collection (16, 34 
Determination of hatchability:
One hundred and fifty eggs from each group were collected during the last week of the study. The eggs that have the suitable characteristics for the brooding were placed at a brooder on the group basis. The number of the hatched chicks were recorded for three days after 17 th days of brooding.
Then the remaining non-hatched eggs were cracked, and the fertile, unfertile eggs and embryonic deaths were recorded. The hatchability characteristics were calculated by the following formulas (1). Fertility ═ number of fertile eggs/number of total eggs set the brooder x 100
Hatchability (fertile egg set) ═number of hatched chicks/number of fertile eggs set the brooderx100
Hatchability (total egg set) ═number of hatched chicks/number of total eggs set the brooderx100
Statistical analyses: Statistical analyses of data were performed by SPSS 10.0 version for Windows. One-way analysis of variance (ANOVA) was used for the differences between groups. When the F values were significant, Duncan's Multiple Range Test was performed. All data were expressed as means ± SEMs (22) .
Results
The final live weight of the quails fed 0.5 kg/ton MOS supplemented diet was significantly higher than control and other treatment groups. Supplementation of 0.5 kg/ton probiotic and 1 kg/ton MOS to the diets increased egg production. No significant differences were found between groups with regard to feed consumption, feed efficiency and egg weight ( Table 2) .
Egg shell thickness was significantly higher in all treatment groups except 1 kg/ton MOS supplemented group than control. Neither probiotic nor MOS supplementation to the diets significantly affected egg specific gravity, albumen index, yolk index and Haugh unit ( Table 2) . Although statistically not significant, probiotic and MOS supplementation slightly increased percentage of fertile egg and hatchability (Table 3) . 
Discussion and Conclusion
It has previously been demonstrated that MOS supplementation either has no effect (14, 15) , or increases (26, 28) the live weight in poultry species. In this study, 0.5 kg/ton MOS supplementation to the diet of quail breeders significantly increased live weight compare to control and higher levels of MOS supplementation. Similar to İşcan and Güçlü (17) who found an increase in live weight of laying quail fed 0.5 kg/ton of MOS supplemented diet. These authors also reported no effects of higher levels of MOS. On the other hand, probiotic supplementation had no effect on live weight in present study. This result supported the findings of the studies in layer's (18, 23, 36) .
Berry and Lui (6) found no significant effects of Bio-Mos supplementation to broiler breeder's diet on egg production. In contrast, in the present study, both probiotic and MOS supplementation increased the egg production, but significant increase was achieved by 0.5 kg/ton probiotic and 1 kg/ton MOS supplementations. The highest egg production was determined in 1 kg/ton MOS supplemented group as in the studies reporting the improvements of egg production in laying hens by probiotics (18, 23, 37) and by prebiotics (7, 8, 17, 33) . The increased egg production by both probiotic and prebiotic may be due to the elongated small and large intestinal lengths as well as the their suppressing effects on undesirable bacteria and stimulating effects on the growth and/or activity of beneficial bacteria in the intestines which increase absorptive capacity (7, 12) .
Lack of the effects of probiotic supplementation on feed consumption (18, 19, 25) , egg weight (18, 19, 23, 25) and feed efficiency (19, 23, 25) in laying hens have been confirmed by the present study. These findings were also consistent with the results of Ayasan et al. (3) who investigated the effect of probiotic (protexin) supplementation in laying quail. In a study of Chen et al. (7), inulin and an oligofructose-type commercial prebiotic had no effect on feed consumption while improved feed efficiency in laying hens. However, in the present study, prebiotic (MOS) supplementation influenced neither feed consumption nor feed efficiency. Furthermore, lack of the effect of prebiotic on egg weight was consistent with the results of the study of Chen et al. (7) . İşcan and Güçlü (17) also found no effect of MOS on egg weight in laying quail. On the other hand, Gracia et al. (13) reported a significant increase in average egg weight from 54 to 58 weeks with a tendency of increment up to 62 week of age in the MOS supplemented diet fed laying hens, but they did not find any positive effects thereafter. Lack of the effects of prebiotic and probiotic on the mentioned parameters in the present study may be due to the several factors such as differences in the chemical composition of the ingredients of the diet, differences in the levels (percentage) and main contents of the prebiotics used in the diet, adaptation, and the selectivity of the microflora and stress factors.
Some investigators (5, 18) found no effects of probiotics on egg specific gravity, while others (20, 23) reported improvements in egg shell thickness in laying hens. Consistent with the previous studies, egg shell thickness was significantly increased by the probiotic while the increase in specific gravity was not significant. Although, statistically not significant, increased specific gravity and shell thickness might suggest that probiotics may improve the egg shell quality due to the increased Ca absorption from the intestine (20, 23) .
In the present study, egg shell thickness significantly but egg specific gravity was slightly increased by 0.5 kg/ton MOS supplementation. MOS had no significant effects on egg specific gravity in the previous studies conducted in laying hens (4, 33) and in broiler breeders (6) . Although statistically not significant, determination of the highest egg specific gravity with 0.5 kg/ton MOS supplementation was consistent with the results of İşcan and Güçlü (17) . An important correlation between increases in the absorption of minerals and fermentation of nondigestible oligosaccharides in the large intestine is existing (29) . Thus, it can be suggested that the improvement in egg shell quality in this study might be resulted from the increased mineral absorption.
No effects of probiotic supplementation on Haugh unit was consistent with the results of the studies conducted on laying hens by Yalçın et al. (36) , Pedrosa et al. (25) and Mahdavi et al. (19) . Both probiotic and MOS supplementation had also no effects on albumen and egg yolk index whereas supplementation of MOS increased the yolk colour as in the study of Gracia et al. (13) . Nickolova et al. (21) reported no effects of probiotic supplementation on fertility and hatchability in muscov ducks. On the other hand, Shashidhara and Devegowda (32) found an increase in the percentage of fertile egg and hatchability in broiler breeders with 0.5 kg/ton MOS. In the present study, although statistically not significant, similar results were obtained with 0.5 kg/ton MOS supplementation. Both probiotic and 0.5 kg/ton MOS supplementation increased the fertile egg by 12% and 15% respectively. It can be suggested that the increase in hatchability may be due to the increased egg shell thickness (27) .
Supplementation of probiotic and prebiotic to the diet of quail breeders improved egg production and egg shell thickness and positively affected hatchability in quail breeders.
